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An,in~e$tl&tion has been cpndupted’in the Langley 20~foot

] propeller-research tunnel to determine $he flow con&tions in the
vicinity of an NACA ~-type cowling. A l/2-scale-nacellemodel
W?S,used,for the tests=,.@@ were o~tained for iplet-velocity

,to ,$: -
rattb r-@gfng fro~ O .23 to 1 ;02 and for angle~-of,attacl$from 0°,+ . .

.,.} ‘. ,’. ...’

:’
IJith tfie jropklej. rernoved$,@ speeds ~d ~~i$ec~;ons,of

$~e,f$64 ~in:,\h6-’ve~~i@.,pl&ne-of p~etry Df the cQxT$iDg,were,.
~ d~te:mined ky?i ti~ifices,And tuf”ts,i$ste+J~~don a board alined-
‘yith.,the<,flow. lM&.-t0ta.l.pie9suresand,the rpta’hionofth?-floW,:
at.the~plet w6& ~q&r@neclJf~r, ~wQ .propeller~having greatly
ti?f’qrentsk~ 9ections. Qvs+ f+.rings wereglufxi to t@3 root

- sections”of one propeller in order t?sim+~e,”p~orly designed
blade shanks. An N~A 16-series propeller with thin airfoil-
type inboard sections was used to simulate well designed blade
shanks. Tests were conduct@ ~t advance-diameter ratios end.
propeller-blade angles, both-based on the maximum spinner diameter,
ranging from about 2.5 to 15.5 md from 37.5° to 62.5°, respectively.

,,
The local airsped& ’&d flow”’direction~were fo~d to hive

appreciable gradients in thq regi~ of tqe propeqe~ qhanks. The
propeller with thin a&foil-t~e shanks caused higher total pres-
sures and larger,~glq~ ,O:ff+qw ro~ptiQnC,?tythe:.cqwl+~inle~ for
the high-speed end dl~mb fright condi.tidnsth& tie propeller with

K ,T,,.$h%Y& $?@ %lP~ss. .Ata COr@S+! Plade-sh@ q++e}, +he~chwges
of flow rotation and tot@.-pre~surerise caused by changes in advance-
diameter ratio were smaller for the propeller with thick ovsl shanks

:,, ,, .,” “,,-
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than for the propeller with thin airfoil-type shanks over the com-
plete operating r- of inlet-velocity ratio, The magnitude of
the changes in the flow rotation in the Inlet was such ‘that$in
order to secure effective operation over the flight range,
contravenes would be required Upstream of a fen installed in the
inlet of this cowling.

INTROIXCTION

A large sxmunt of research effort is being ddrected currently
toward the development of efficient propeller-blade shsnks and
high-pressure-rise cooling fans for use in con@nction with
conventional raddal-engi.ne,cowlingss The deslgzof these elements,
howevert is still largely on a cut-and-try basis despite the numrous
advances in propeller and fan theory because of the lack of informa-
tion on the actual flow conditions under which they operate. As a
step toward the rational solution of this problem, the present
investigation of a l/2-scale NACA ~-type cowling was conducted in
the Lsngl.ey20-foot propeller-research tunnel to obtain Initial
quantitative design information.

Wide operatin~ ranges of inlet-velocity ratio end sn@.e of
attack were covered in the tests. With the propeller removed,
the speeds and the directions of the flow in the vicinity of
the cowling were determined, The total pressure and rotation of
the flow in the inlet were investigated over wide ranges of
propeller-shankblade-angle and propeller-shank advance-diamster
ratio for a propeller having thick oval shank sections end a pro-
peller havins thin airfoil-type shank sections, Some similar data
for a Hercules Beaufighter nacelle equipped alternate= with a
flared propeller end spinner andwl.th an unflared propeller are
contained in reference 1.

SYMBOLS

Dc maximum cowling,diametert 2.27 feet

Da msximum spinner diameter, 1.42 feet

H total pressure, pounds per square foot

AH/qf pressure-~p coefficient for orifice plate based on maximum
cross-sectionel area of cowling

n rotational speed, revolutions per second

—. ,——— ,--,,--.,- - ,-,-,- m,,
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A
radial

L6H14
.

free-stream stati~-pressure, pounds per equare foot
.’

“frbe-strefidynamic pressure, pounds ~er square foot

radius, feet

~adius oi’’propeller tips feet

i~et velqcity$.teet per second .,

local epeed of’flow, feet per second ~ ‘

,f;ee-b,tr?amvelocity, feet per mcond. “
. .

angle of attack of thrust axis, degrees

propeller-blade angle at station corresponding to’msximum
spinner diameter, degrees

3

cowling-flap .x@e ,fromflush position, degrees

cloc~ise ar@e around cowling from bottom as seen from the
front, de~rees

flow angle refei’red,to model center line (positiveupward)j

angle OS flow
rotation),

,.
.
,.

l/2-scalp model
engine was used.

and coord~nates,of the

rgtation (positive in direction of propeller
degrees

MODEL ANDltETHOl13

..

of a nacelle for a present-day short+node
for the tests. A line drawing of’the model
spinnerj diffuser> and cowling are presented

in fi*re ,1. The c?wling had an inlet area of 0.71 square foot
and lad&itical”Mach number of 0.63 at an end.e of attack Of 0°
and an iri$k+elocity :atioeof 0.23.,,

‘I!hb’i.ntpxyd flow was ~easuredby an orifice plate to which
mockups of the forward halves of the froqt-row cylinders w&e
attachetl.’,~o effective ori~ice area was adjusted to 0.70 square
foot ‘(Ni/qf =“33,.6)in a calibration prior to the tunnel te$td

in order that the conductivity would a.pproxima.tethat encountered
in modem engine installation. The rate of flow through the cowling
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was varied by the use of alternate exit flaps with different
angular deflecticms~ Test inlet-velocity ratios ranged between 0.23
end 10020

The orifice board used in determining the local speeds and
directions of flow in the vertical plane of symmetry of the cowling
with the pro eller removed is shown in general views of the model.
(See fig. 2.7 The board was 0.5-inch thick and had lenticular
edges, Locsl flow speeds were determined from the static pressures
measured by the flush surface orifices on the left side of the
board; pressure measurements on the surfaces of the cowling and
the spimer with ‘theorifice board removed fuxnished a convenient
check on the speeds just outside the boundary layers. The direction
of the flow was determined from photographs of the tufts fastened
to the right side of the boardj check runs with tufts on wires
showed that there were no measurable differences in the flow angles
inside end outside the bounda~ layer of the orifice board.

As shown in the detail views of the cowling (fig. 3) two
alternate left-hand propellers were used. Oval-shank fairings were
glued to the blades of the 45-inch-diameter Curtiss 512 propeller
in the top configuration in order to simulate a propeller with
poorly designed shank sections. A 49.3-inch-diameter Curtiss l12g-24
(NACA 16-series) propeller with thin-airfoil-type shank sections
was used in the bottom configuration, The shank sections of these
two propellers (figs, 4, 5, and 6) bracketed the range of shank
designs in current use. The propellers were driven by a
100-horsepower alternating-current ~torj the propeller rotational
speed was measuredly a condenser-type tachometer attached to the
motor shaft.

Total pressures in the bounday layer of the spinner at the
Inlet were measuredly a rake of ten C).030-inch-diameterstainless-
steel tubes with ends flat-tenedto form openings about 0.005 by o
O.0~ inch. The average pressure recoveries in the inlet were
determined from the arithmetic average of the total pressures
measured by eight pairs of shielded total-pressure tubes spaced
45° apart starting at the bottom of the inlet. For the propeller-
inwklled tests, the boundary-layer rake and all shielded totsl-
pressure tubes excepting those at 45°, 90°1 and 135° from the
bottomon the left side were removed to permit the installation
of the other instrumentation (see fig. S)j pressure recoveries
for the diametrically opposite positions on the right side of
the inlet were obtained for propeller-installed conditions by the
expedient of testing at negative angles of attack.
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Null-calibrated yaw tubes (fig. ~(a)) were placed in the inlet
0°, 45°, 90°, and135° from the lottomon the right side to

meaa~e the flow’rotation. The yaw-tube settings were varied in
increments of’5°”for each operating condition until the differ-
ential.Pressure across the two legs reversed; the angle of flow
rotation correspolidingto the zero pressure difference was then
determinedly fairin~ the pressure differential.against the tube
setting. As the angles of rotation indicated by the inner and
outer tubes were approximately equal and exhibited no consistent
variation, .cnaverage value was taken as the flow rotation at each
radial position. As with the shielded total-pressure tubes} the
flow rotation at the diametrically opposite inlet positions were

,, obtained by testing at negative angles of attack.

In an attempt to check on the valuea of rotation given by the
yaw tubes, floating vanes were mounted on a wire at the top of the
inlet. (See rig. 7 (b) .) A,gun-sight camera mounted behind the
orifice ylate w~s used to record the vane deflections which were
used to Cd.CUkLte the angularity of the flow.

All tests were conducted. at a tunnel speed of about 100 miles
per hour which corresponds to a Mach number of 0.13 and a
Reynolds number of about 2,000,000 based on the maximum cowling
diameter. An mgle-of-j,tt:~ckrange of from 0° to 10° was covered
in the tests; the latter a@e is approximately equal to the effective
steep-climb angle of attack for e,cowling operating in the up-
flow field of a wing. All pressures excepting those for the yaw
tubes were recorded by @lotographing ~.multitube mammeter. The
differential pressures across the yaw tubes were read visuelly
from a bank of inclined U-tube manometers.

P3SULTS AND DISCUSSION

The results of the present investigation are discussed in
three sections which deal separately with the flow field of the
cowling, the pressure recovery in the cowling inlet, and the
rotdtion of the flow in the cowling inlet.

Flow field of cowling,- Velocity-ratio contours &d lines
of constant flow angle are.shown in figure 8 for the several
test conditions The locsl airspeeds &d flow directions are
shown to have appreciable gradients in the region in which the
propeller shanks would normally operate. At constant inlet-velocity
ratios} the local airspeeds in the propeller-shank re~ion at the
top of the spinner increased and those at the bottom decreased with



6 MR No ● L6HI.4

increases in the angle of ~ttackj the 10C21 angles of upflow
increased in both regions. As wouldbe expected, increasing
the inlet-velocity ratio e.tconstant angles of attack caused increases
in the local.airspeeds and decreases in the magnitudes of the lccal
flow angles in the propeller-shank region,

It shouldhe noted that in figure 8 that Vz/Vo is a scuar
quantity; therfore, the translational velocity ratio (that is,
the velc>cityratio &t :Jpoint in the inlet Vj./Vo) is
vl/vo) cog p. The hi@ values of @ at the inlet together with
the rapid thickening d’ the boundary layer in this vicinity accounts
for the large a~pment differences at low inlet-velocity ratios
betweerlthe nominai.inlet-velocity rtibioand the V2/Vo

contours adjacent Lo the inlet. It also shouldbe noted that the
lines oi’con;:tant-velocibyratio are true contours and form closed
curves in the plane oi’the orifice board while the lines of constant
flow angle do not necefiaarilyclose in this plane and may end at
the surface c}f’the rmdel Gr at a poin~ in ~pe,ce.

As prevtoucly noted, the present d~ta were obtaineclat a
Mach nunlberof O.lj. Soiflechange in the flow-field characteristics
would be expected at very high flight speec%a,but the changes would
be s&allup to Ni = 0.63, the design Mach number for thiu instal-
latiodm

Pressure recovem ab cowling inlet.- ‘Total-pressuredistribu-
tlons~ the boundary layer at the top of the spinner for
propeller-removed conditions are shown in figure 9. With the
spinner statjon,:ry(fig. 9(a)) the boundary layer was tininfor en
inlet-velocity ratio & ~bout 0.83. The occurrence of separation
from the wzri”aceat Vi/Vo* 0.23, as evidenced by the tendency
of the tohal pressures to remain equal to the surface-static
pre~sures (plotted ~t tinesurface) for 0.2 inch or more from the
surfacet intica,testh:],ta somewhat higher inlet-velocity ratio
should be used. This effect h,x+been observed in several previous
investigations in which minimum values of Vi/V. ranging from 003
to O.~ have proved necess.wy. FiSure 9(b) shows Ehat at
Vi/V. x o.83t rotation of the spinner thickened the boundary layer
somewhat but dld not cau,~esepare,tion.Propeller operation would
be expected to cause additional thickening of the boundary layer
at the inlet,

The circutierential variation of the average pressures measured
by the pairs of shielded total-preosure tubes for propeller-removed
conditions are shown in figure 10. At inlet-velocity ratios of
approximately 0.68 and 0.84, nearly 100-percent recovery
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was measured at all stationq. At, ?li/Vo= 0.23 and a = 0°
appreciable losses occurred due to the.boundary-layer charac-
teri@Acs previously discussed; increasing the angle of attack
to 10° greatly accentuated these separation losses at the “hop’of
the inlet.. .,

At a= 10° with the propeller.opera.tin$,the total pressures
at aix circumferentialpositions in the inlet, as dete-ned from
the shielded total-preesure tube instrumentation,are shown in
figure 11 as a ftiction of Vo/nDs2 b, and 13s* As wouldbe
expected from a consideration of the swirl of the flow end the
attitudes of the propeller-blade elements> the highest and lowest
total pressures occurred in the bottom-left and top-right portions
of the inlet, respectively, The total pressure at any one position
generally decreased withii~creases in Vo/nDa and decreases in 9s
as the effective angle of attack of.the shsmk elements was reduced.
The inlet-velocity ratios foi- figure 11 and succeeding figures
showing plots at constant v,aluesof flap sngle may be obtained by
reference to figure 12.

The arithnmtic averagea of the inlet total pressures are plotted
in figure 13 as a function of the same parameters used in the
preceding figure. Because of differences in the camber} the
fineness ratio, and the chord of the blade shanks$ the propeller
with ”theNACA 16-series sh,anksections produced higher inlet
pressures than the oval-shanked propeller for low values of
Vo/nDs at ~ = 20°) a.condition corresponding to the climb
condition, and for him values of Vo/nD~ at ~ = 0°$ a con-
dition corresponding to the high-speed condition, over a wide
enough ronge of ~~ to include these two flight conditions. A
regrouping of the curves for b = 20° (fig. 1~})shows that for
the cli.nibinlet-velocity ratio the I?ACA 16-series shank section:

(a) Gave a higher pressure rise th~ the oval-shahk sections
over a wide range of bl~de angle at climb values of Vo/n~.

‘ (b) Apparently did not experience qn abrupt stsll even at the
low values of Vo/nD~ at which calculations Indic,atethe geometric
angle of a,ttaclcwas very large.

(c) Apparently were producing negative thrust at high values
of Vo/nDs.

A cross plot of the inlet-pressure-recoverydata for o
P~ = 62.5° against V1/Vo is presented in figure 15. The pressure

recovery increased with Vi/V. Qver most of the Vi/Vo range
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although a uniform decrease would be ex’pettedon the basis of pro-
yeller theory except at the lower Vsluea Gf Vo/n.~ where cal-
culations indicate that the shanks prcbably were stalled and
operabing on the reverse slopes of the section lift curves. It
r~houldbe noted, however$ that the theoretical decreases

H- Po
of —

qo
with increases of Viflo would be expected to be

small because the loci~.1 velocities at the propeller-shank position
exhibited only relatively small variations with large chan~es
in Vi/Vo. (See fig. 8.) Also theshapes of these curves in the
lower inlet-velocity-ratiorenge are not accurately known because
each curve was obtained by crGss-@otting data measured at only
three values of’inlet-velocity ratio (about 0.23$ 0.70, am? 0.86).
Figure 10 indicates that the boundary l,ayeron tinespinner was
responsible to a large extent for the low pres’mre recoveries
measured in the inlet .l.tlow inlet-velocity ratio~ with pro-
peller removed. Spinner bcmnclary-layereffects may also be a
facto~J in the apparent <.i~crepancybetween the calculated an,d
measured inlet totti-pre~snzrerecovei’iea.

~otation of flow in inlet.- A comparison of the flow rotation
at the top c]fthe inlet as indicated by the yaw tubes and by the
vanes is given in figure ]-6. It shoulc?.be noted that} in generals
fair agreement was obtai.ileibetween the two sets of readings, but
that the readin~s of the yaw tubes were more consistent than the
readings of the vanes, For this i“eaecn,and since yaw tubes have
@.ven satisfactory results in other investigations, the succeeding
analysis of the flow-rotfi,tiondata is based on the measurements
obtained by the yaw Lubes only.

The ~lcm rotation in the co~,~liil~ inlet for propeller-removed
condition~ is shown in fiUwre 17 as a function of circumferential
position$ angle of attack, :md inlet-velocity ratio. The Qca,tter
at a =’0° indicates that the probable accuracy of’the yaw-tube
readings was about ~1,5°. The sine-wave type variation at
u = 10° was caused by the upflow at the sides of the inlet.
Increasing the inlet -velocity ratio at a = 10° reduced the
rotation at the sides of the inlet by increasing the aid com-
ponent in the velocity vector diagram.

The flow rotation in the cowlin~ inlet for the propeller-
instslled.conditions is ~hovn in figures 18 and 19 as a function
of Vo/nDfl$ 5J and ps for the two propellers tested. The
plots for the average values at a = 0° (figs, 18(2) and 19(a))
show that the flow rotation with tineNACA 16-series propeller
became greater than that for the oval-shanked propeller at low



]~NO, L6HI,4 9

values of Vo/nDs and.at small flap sngles as was the case with
the inlet pressures. The occurrence of negative imtation angles
indicates the existence of negativethrust thereby confirming
the prewiouu deduction based on the variation of the inlet total
pressures. A higher shank”blade angle than 62.5°wotid appear
desirable for this condition.

At a= 10° (figs. l$(b) and 18(c)) the maximum positive
rotation ucually occurred at the right si~~ where the upflow due
to angle of attack was a maximum and,was additive with the
rotation caused by the propeller except at negative thrust.
Conversely, the minimum flow rotation usually occurred at the
left side where the upllow clueto the cowling angle of attack
generally opposed tilerob~,tioncaused by the propeller. For a
representative climb condition (a = 100, 5 = ‘2@, pa = 50°,
Vo/ni)s= 3), figure 1.9(b)shows that Mximum end minimum angles
of flow rotation in the inlet were about 22° nnd -3°, respectively
for the NACA 16-series propeller compared to abou~ 21.5° and -5.5°
for the oval-dmnkeci -proTeller.

The flow-rotation Lztr.for PEI= 62.5° shown in figures 18
and 19 is cross-plotted in figure 20 to show the effect of inlet-
velocity ratio. A,~wou.ldbe expected, increasing vi/vo tended
to decrease tilei-ot~tlonexcept where the blade-shank elements
were oper,~tin~necarthe region of negative thrust. The change of
flow rotation with changes in Vo/nD~ was smeller for the oval-
ahanked pro~eller than for bhe NACA 16-series propeller over the
complete rangy of’ Vi/Vo; a comparable result for the inlet total
pressure is noted in figure 15.

The datfi.presented in figures 18 through 20 cover a sufficient
renge of operational variables to permit a fair approximation of
the prerohakion encounteredby a fan in the inlet of a cowling of
approximately the proportions tested. The magnitude of the
variation of $ Umough the normsl-operating rsnges stresses
the necessity for using coniravanes upstream of the fan in order
to secure effective operation ovei~‘linefli@t rsn~e.

SUMMARY OF RESULTS

The results of this investigation indicate that:

1. The local airspeeds and flow directions had appreciable
gradients in the region of the propeller shsmks.
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2. The propellbr with thin airfoil-tyye shanks caused higher
total pressures and lar~er angles of flow rotation at the cowling
inlet for the high-speed and clird flight conditions than the
propellei-with thick ovsl shanks.

~. At a constant blade-shank angle, the changes of flow
rotation end total-pressure rise caused by changes in advance-
dimneter ratio were smaller for the propeller with bhick oval
shanks tlmn for the propeller with thin airfoil-type shanks for the
complete opccratti~range of inlet-velocity ratio,

4. The m.gnitud.ec)fthe change of flow rotation in the inlet
was such that contravenes would be required u~strearnof a fan
iilstal.ledin the inlet of this cow15.ng.

Langley Meuorif’J.Aeronauti.cslLaboratory
Nntlonzd.Atvigory Comittee for Aeronautics

Langley l?iel.d.,Va.

RmmRimm

10 Nicholson, L. T+, and Shaw} II,: 24-Foot Tunnel Tests& the
Cowl ItntryLosces on a Hercules Beaufighter Nacelle Fitted
with I’lmed and Urd’laredPropellers, Rep. No. Aero 2047}
British R.A.I?~,May 194>.
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(a)a =(),
Vi

8=0, — = 0.23.
V.

--- . - .

v,
(b)a=lO, S=20, ~

V.
= 0.81.

Figure 2.- General views of model with orifice board
installed.
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[a) Oval-shanked propeller installed.

(b ) NACA lG-series propeller installed.

Figure 3.- General views of cowling showing the two
propeller configurations .
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(a) Typical pair of yaw tubes.

(b) Vanes at top of cowling.

Figure v.- Views of instrumentation used to measure
rotation of flow in cowling inlet.
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